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Abstract 


DNA is generally considered to be the most critical cellular target when considering the 
lethal, carcinogenic and mutagenic effects of drugs, radiation and environmental chemicals. So 
the study aim to the determination the damaging effect of y-radiation on DNA and the 
protective effect of deoxynucleotide triphosphates (dNTPs). The study includes three cell types, 
lymphocytes, kidney cells of African gree monkey (Vero) and hepatocellular carcinoma of 
human (HePG2) exposed to 1-5 Gy of y-radiation and by using fluorometric analysis of DNA 
unwinding (FADU) method, DNA damage was measured after radiation. The cells were divided 
into two groups: 

The first received 5x10° dNTPs from 0-30 minutes after radiation, while the second 
group was not supplemented with deoxynucleotides. Clonogenic survival for vero and HePG2 
cell lines was measured. The results revealed that the increase of irradiation dose precipitates an 
increase of DNA strand breaks. The slope curve of initial DNA damage and mean inactivation 


dose ( D ) differ between vero and HepG2 cell line by a factor of up 3.5 and 2, respectively. 

dNTPs have clear ameliorating effect on DNA damage. FADU method can play an 
important role in the choice of a suitable treatment (radiation or drugs) and its dosage according 
to measurement of DNA damages in selective malignant tissues. Moreover, using dNTPs 
mixture can reduce the side effect of these treatment especially after experimentally on live 
mammals (mice) . 


Introduction: 


Although base damage may have 
serious consequence for a cell, low levels of 
base damage are difficult to measure by 
physical or chemical means (Paterson, 
1978), by contrast, DNA strand breaks can 
be detected with great sensitivity by many 
methods. Pulsed field gel electrophoresis 
(PFGE) Whitaker, et al., (1995), constant 
field gel electrophoresis. (CFGE) Dikomey 
et al., 1997) and neutral filter elution 
(Zaffaroni et al., 1994) have shown a 
correlation between radiosensitivity and 
residual unrepaired DNA double-strand 
breaks. 

A common thing in these methods is 
that they measure DNA double strand 
breaks and hence are sensitive for 


DNA is generally considered to be the 
most critical cellular target when 
considering the lethal, carcinogenic and 
mutagenic efects of drugs radiation and 
environmental chemicals. These agents may 
damage DNA by altering bases or 
disrupting the sugar-phosphate backbone. It 
is generally accepted that cell death induced 
by ionizing irradiation is due to DNA 
double strand breaks (Steel et al., 1989). 
The molecular mechanisms that control 
variations in radiation induced DNA 
damage between cell types are not 
understood. Both the initial DNA damage 
and the residual unrepaired DNA damage 
may be critical determinants in the 
processes leading to cell death. 
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mean inactivation dose ( D ) was derived 
as described by KiLtie et al.,(1997). 
Fluorometric analysis, of DNA 
unwinding (FADU): 

The DNA unwinding was measured 
by FADU methods according to 
Birnboim ef al., (1981) and Ogiu et al, 
(1992) modified by Roos, et al., ( 2000). 


Results: 


Irradiation induced DNA damage: 

The dose response curve for DNA 

damage induction expressed as_ percent 
remaining double strand DNA, is shown for 
the 30 minutes repair time initial damage 
(Figurel), 24 hours repair time without 
dNTPs supplement (Figure2) and 24 hour 
repair time with dNTPs (Figure.3). 
It was apparent that the increase of the 
irradiation dose gaves rise to an increase of 
damaged DNA. This implies that an 
increase of the irradiation precipitates DNA 
strand breaks. This relation is very clear 
especially at the initial damage. The percent 
of initial DNA damages are 90%, 78% and 
92% in lymphocytes HepG2 and Vero, 
respectively. This revealed that DNA in 
HepG2 cells had most of the DNA damage, 
while DNA in Vero cells suffered less DNA 
damage. In 30 minutes repair time, the 
slopes of the sensitive HepG2 cell line and 
the resistant Vero cell line were —-4.78 and — 
1.39 respectively, indicating that the initial 
DNA damage differs between 2 cell lines 
by a factor of 3.5 (Table.1). The same 
picture was revealed in 24 hours repair time 
without DNA supplement (Figure 2). The 
dNTPs have clear role in diminish the DNA 
damage especially in the HePG2 cells 
(Figure.3). 


2- Clonogenic survival: 

Survival data for resistant cell line Vero 
revealed that D was 2.5 and for sensitive 
cell line HepG2, D was 1.12 showing a >2 
fold difference in radiosensitivity (Figure 4 
and Table2) 


measurement high dose of irradiation. 
Fluorometric analysis of DNA unwinding 
(FADU) in an alkaline medium method was 
used to measure DNA damage at low doses 
(1-10 Gy). The methodology is based on 
the principle that the rate of DNA 
unwinding is a sensitive measure of strand 
breaks (Kohn et al., 1976). 


Materials and Methods: 
Cercopithecus aethiops (African 
green monkey, vero), Homo sapiens 
hepatocellular carcinoma (HePG2) were 
grown in Eagle medium supplemented with 
10% foetal bovine serum (FBS) human 
blood was cultured in 199 medium. All 
cultures were kept at 37°C in a humidified 
atmosphere of 95% and 5% CO». 


Irradiation: 

Exponentially growing cells were 
irradiated with 1-5 Gy-“CO-irradiation at 
1.45 Gy-min" at Middle Eastern Regional 
Radioisotope Center for the Arab Coun- 
tries. For the determination of DNA dam- 
age, cell suspensions were irradiated on ice. 


dNTPs treatment: 

Every cell type was divided into two 
groups after irradiation the first group was 
supplemented with dNTPs (Sigma) at 
concentration of 5x10° M from 0-30 
minutes after y-radiation and the second one 
was not supplement. 


Cell survival: 

HePG2 and Vero cell line, colony 
assay (Wilson, 1992) was performed on 
monolayers, growing in log phase. Cells 
were seeded in triplicate at appropriate cell 
numbers in a 25-Cm? flasks to yield ~ 100 
surviving colonies. After 4 hours when cells 
were attached, they were exposed to 
graded doses of cobalt irradiation after 5-6 
days cultures were fixed [in acetic acid: 
methanol: H2O (1:1:8), stained in 0.01% 
amino black] and colonies containing 50- 
100 cells were counted, survival fractions 
were fitted to the linear-quadratic equation, 
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Table (1): Result of fluorometric analysis of DNA unwinding (FADU) 
Double DNA at 5Gy (%) 
Initial Residual Residual Initial Residual Residual 
EEE E, 
with DNTPs with DNTPs 
-0.58+0.04 | - 5 90 


HepG2 -4.78+0.97 | -3.64+0.73 | -3.12+0.68 78 
-1.39+0.11 | -0.41+0.06 | -3 92 


Table (2): Radiosensitivty parameters of Vero and HepG2 cell lines. 
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Figure (1) : Total amount of DNA damage (initial damage) as measured by the 
fluorometric analysis of DNA unwindinig Lymphocytes,HepG2 and Vero. 
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DNA damage remaining after 24-hours repair as measured by the 
fluorometric analysis of DNA unwinding method. 





—~«— Vero 
— = — HepG2 
- 2- - Lymphocytes 











1 2 3 4 5 6 
Dose (Gy) 





ure (2) : 


110 


100 - 
90 - 
80 - 
70 - 
60 - 


50 


% Undamaged double -stranded DN/ 


Fig 


% undamaged double-stranded 
DNA 


Figure (3): DNA damage remaining after 24 hours repair with DNTPs as measured by 
fluorometric analysis of DNA unwinding method. 
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Figure (4): Survival curves for HepG2 and Vero cell lines. 


the highest radiosensitivity ( Chapman, et 
al., 1999) 

Some experiments using high dose 
irradiation and measuring the induced 
double-strand breaks by Pulsed field gel 
electrophoresis (PFGE) and constant-field 
gel electrophoresis (CFGE) methods have 
also come to the conclusion that 
radiosensitivity is correlated with the initial 
DNA double strand breaks (Whitaker, et 
al., 1995). 

Other studies using similar techniques 
and high doses demonstrate that 
radiosensitivity does not correlate with 
initially induced DNA double-strand breaks 
(Dikomey, et al., 1997) but with the 
residual unrepaired DNA double-strand 
breaks. The strength of these data 
(Dikomey, et al., 1997) is that they rest 
upon measurement of DNA double-strand 
breaks. However, a weakness of this 
apporoach is that it requires high doses 
beyond the clinical range. Recent studies 
indicate the sensitivity of DNA assay 
(Usol’tsev, et al., 2000, Baumstark-Khan, 
et al., 2000 and Usoltsev, et al., 2002). The 
first line of defence against ROS (reactive 
oxygen species) that were generated by 
ionizing radiation is inactivation of 
superoxide by superoxide dismutase. A 
second line of defence, incorporation of 
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Discussion: 


Our results reveals that an increase of 
the irradiation dose precipitates an increase 
of DNA strand breaks. A number of 
intrinsic mutagens induce structural damage 
in cellular DNA (Gros, et al., 2002). 
Ionizing radiation produces highly 
cytotoxic double-strand breaks or local 
multiply damaged sites (Ward, 1988). DNA 
damage was inferred from the remaining 
double-stranded DNA after unwinding in 
alkali. For a given dose, radiosensitive cell 
line (HePG2) shows a low level of residual 
intact DNA while  radioresistant cell line 
(Vero) show a high level of residual intact 
DNA (Figurel). Moreover, survival data for 
Vero ( D = 2.5) and HePG2 ( D = 1.12) 
indicate that cell survival and hence 
radiosensitivity is a reflection of the initial 
DNA damage (Figure 4). This agree with 
the results of Roos, et al., (2000). Factors 
that could influence and regulate the initial 
DNA damage are chromatin loop size 
(Heng , et al, 1996) and chromatin 
compaction (Chapman, et al., 1999). 

Indeed analysis of chromatin 
compaction by transmission electron 
microscopy in both normal CHO-K1 
hamster cell line and the repair deficient 
mutants xr 55 cells has come to the 
conclusion that cells with the highest level 
of compacted chromatin in interphase show 
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drug) and its dosage according to 
measurements of DNA damage on selective 
malignant tissues. Moreover, using dNTPs 
mixture can reduce the side effect of these 
treatment. 
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التأثير الوقائى للنيوكلوتيدات على تكسير الحمض النووى فى الخلايا الثديية 
المختلفة بعد تعرضها لأشعة جاما 
طارق المغربى l‏ 
المركز القومى لبحوث وتكنولوجيا الاشعاع 


الحمض الديوكسى ريبوزى يعتبر أكثر المناطق الحرجة فى الخلية المستهدفة 
vic‏ الوضئع فى الإ عكار التائير المميت والمسرطن والمطفر للعقاقين والأتسحة 
والكيماويات البيئية. 
ولذلك Gag‏ هذه الدراسة لتحديد تأثير الأشعة الجامية على تكسير الحمض 
الديوكسيريبوزى والدور الوقائى للنيوكلوتيدات. 

وقد إشتملت dual yall‏ على ثلاتة LAN Cpe gl gil‏ كرات الدم النيضناء 5 LMS‏ 
سرطان الكبد (HepG2y‏ وخلايا القرود الأفريقية الخضراء (Vero)‏ تم تعريضهم Cle jal‏ 
م ل 
1 - 5 جراى من الأشعة الجامية وبإستخدام طريقة التحليل الفلورومتريك للحمض 
ال oe ell ene eae‏ ع :وقد ف الا إلى عمو P‏ 

الأولى تلقت 105 x‏ 5) جزئ من النيوكلوتيدات فى خلال من صفر إلى 30 دقيقة 
من التعرض للإشعاع بينما لم تتلقى المجموعة الثانية نيوكلوتيدات. وقد تم قياس معدل 
بقاء المزارع لكل من Vero LOL‏ وال HePG2‏ وعكست النتائج أن إزدياد جرعة 
الإشعاع يكون مصحوب بزيادة نسبة التكسير فى خيوط الحمض النووى 
الديوكسيريبوزى . وآن معدل ميل منحنى التكسير فى الحمض النووى 
الديوكسيريبوزى ومتوسط خمود D ) Ac yall‏ ( يختلف بين خلايا Vero‏ وال HePG2‏ أكثر 
من 203:5 على coll gill‏ وقد وضح اتير النيوكلوتيدات على تحسين التكسسير الخاد 
فى الحمض النووى الديوكسى ريبوزى. وأن طريقة التحليل الفلورومتريك من الممكن 
أن تلعب دور مهم فى إختيار العلاج المتاسب سواء كان إشعاع أو عقاقير Ato yay‏ 
طبقا لقياس نسبة تكسير الحمض النووى الديوكسيريبوزى فى الأنسجة السرطانية 
المعالجة. بالإضافة إلى أن إستخدام مزيج من النيوكلوتيدات يمكن أن يقلل من الأثار 
الجانبية لهذا العلاج. 
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